Twe LIFE CYCLE or The TREMATODE
ECHINOPARYPHIUM ELLISI, rrom tur BLACK SWAN

By T. HARVEY JOHNSTON avo L. MADELINE ANGEL, Univrrsiry oF ADELAIDE,
Kig. 1-3.

Trik lavval stage, Corearin ellisi Jolmston amd Simpson (1944, 125-128), was
deseribed from Lyamvca lessoni from the Murray River Swamps at Tailem
Bend. [t was reported to have heen identified on twelve oecusions hetween May
1937 and Mareh 1943, the wonths being those of antumy, spring and suminer.
On those aceasions, the pavasite was fonnd in 156 of 2,004 Lyninaca exammed,
Le.in 7-5 pe., but these fisures do not take into consideration the numbers of
that speeies of pond snail eollected from the swamps on other oceasions when
U, ¢llisi was not recognized. Sinee those observations were made we have
identified the cercaria in 561 of 2463 L, lessond. Le. in about 23 p.c.. but this
inerease in pereentage was due to colleetions made on three sueeessive oeeasions,
Januvary to April 1947, 32 of 201 being parasitized in January, 210 of 363 iu
Maveh, and 197 of 507 in April, a total of -139 out of 1,161 snails examined, i.0.
about 38 p.e. On other oecasions we Lound cnly one of 342 and 4 of 365 infeeted.

The habitat preferved by the black swan, Chenopis atrata, which we now
know to he the host for the adult stage of the trematode, no doubt aftects the
distribution of pavasitized Lymuoea. The bivd prefers open, velatively shallow
water and feeds on vegetation  Second intermediate mollusean hosts living on
sueh vegetation would also be ingested.  Chanee is thus an important fuctor in
assessing pereentage infection of swamp snails,

(. ellisi is a 40 spined echinpstome with its body provided with spinules
dorsally and ventrally as Far baek as the level of the acetabulum.  The spines
are in two rows, those of the aboral series heing slightly Ionger than those of the
oral, and are about the same Tength as those in the groups of corner spines. The
vyst stage (118143 4, diameter) was obtained experimentally from the mantle
cavity of the following molluses: Amerignan spp., Lipmaden lessont, Planorbis
rsingt, Ploliopsis taiei and Corbiculing angasi, as well as in the kidneys of the
tadpole of Cripia signifera,

Tt was reported that Faecal material deposited by a pelican had been used
i wmitdsiummer inan endeavour to infect varvious kinds of pond snails; 92 ilays
later two of the Lymuaea were observed giving off Corcaria elisi and nunnerous
eysts of The parasite were found in the tissnes of these laboratory-bred snails.
Since adult echinostonies possessing 45 spines had not been found in Australian
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pelicans, but the water hien, Gallinulu tenchrosa, had been recorded as the host
for a 44 (713) spined speeies it was suggested that the Lacees might have heen
contaminated, Contawination of that laccal material with faeces previously
deposited on tlie bank by a black swan would provide the explanation of the
finding of C. ellisi.

Tu April 1947 we discovered a nmumber of 43-spined Eehinopdryphivin flukes
in the upper portion of the small intestine of o black swan from the Tailem
Bend Swamps, and our former eolleague, A, € Beckwith, utilized some of the
eges from the duodenal contents for jufeetion experiments with the following
results: of 11 Lymuaca lessoni, three gave off C. ellisi, {our contained many
rediac and daughter rediae (with some mature cercaviae) at theiv death, and
four were tiot infeeted.  The snails were 1soluted for testing for tlie first tinie
110 days after they were placed in contavt with the Eelrinoparyphion egys, and
on this day one Lipnnaead was giving ofl the ceveariae; five of the other Liyynnaco
died within fonv days of this date, and all of these contained large numbers of
rediae, while sume had matuve cerearine.  The remuining snails weve tested at
weekly inteevals, and in a tortuight two of them were giving off cereariae (125
days), From this it seems probable that the time faken to reach maturity was
not mueh less than 130 days, alhough this had not been verified by 1esting.
On 20th Qetober 1947, we repeated the experiment, usiig eges [rone the duodenal
contents of # swau in which wany speciinens of Apateaon  indermedivin
but only vne egg-bearing Beltinoparyphiient were present i that regiom. By
15t Decenmber (ie. 43 days later), seven Lymugeq were dlead and showed no
evidenece of infeetion when examined nnder the dissecting mieroseope.  On this
date the four remaining Lpninceq were removed to o feesh aguarium, so that
they had no turther contact with the eges or possible mivacidia.  From 6t
January 1948, the snails were isolated twice weekly amb on 16th January (e
79 days) one of them was giving off €, ollisi,  The other three Lymaavit did
not become infeeted.

On 1st December cight Lyinaca, wad on Al following day six wore, were
placed in contact with eggs from the origingl malerial, vither in small dishes
or in the tank from which the four origiyn) Lywinden had heen remoyed. Nowe
off these beeame infected.  One cun conclide from the foregoing that the
miracidia had hatehed belore 1st December, (hat is, within 82 days of the time
that the cegs had been vemoved from the intestine.  Tha time of hatehiug of
miracidia wuler natural conditions viight be slightly Tess than this period, sinee
it could be expeeted that it would take n day or two for the developing eggs
{o have heen passed i the taeces nnd veach the swamp water.

The somewhal seaunty data at onv disposal also styegests that an infeetion
takes longer 1o reach the cereariu-producing stage in autumn than i does in
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spriug or early sununer: of the snails exposed to infection in May, one took
not more than 110 days, two not less than 119 days, while two suails exposed af
the end of October took not less than 77 days and 79 days respectively: two
snails exposed during January 19473 pive off cercindae within 90 days (pevhaps
84 days. sinee testing was done weekly).

At the same Lime a8 eggs from the duvdendl contents were nsed, anotlier
experiment. was set up, using about 100 eges whicls had been disseeted out Tron
several adult Echinoparyphivm, hut it would appear that such vgus are nnot
viable or infeetive sinee none of the six Lymunaed exposed becane infected,

Although we have obrained cevearviae experinmentally in August ad Septem
buer, we do not eollect many Lijpnara from {hie swamps before Decenibey, and
in the few which have been eolleefed we have not recorded infeetions of €. ¢llisi.
We have found (. ellase in two of a total of 82 snails obtained in October sinee
1937, On 18th September 1940, 15 Lymnaca eolleeted were appavently wnin-
fected; they were vetested on 14th November, when one of them was wiviag oft
(. ollist,

C. eltist was recognized from Sonlimanew subaguelilis Trom Lake Alosandring
(Johmston amd Beclewith, 1946, 125), hut has not yvet been identified from any
snail host other than the two Liymuacidae mentioned, Though we have attempted
to infeet Plaworbis tsings and Awmerivicn spp. one vesults have licen negative
and our examivation of thousands of these suails colleeted under natural con-
ditious in the loealities where Lywoiaca infected with €, (/lisi was found, has
failed 1o reveal the presence of fhese cereariae in any of them, we can safely
conelude that they are not normat hosts for the ceveavial stage, though he
cercariae readily enter these molluses and beeome eneysted as metacereaviae in
them.

Johuston and Simpson (19344) noted ihe differevens befween €. elfisi and (.
elelandie, a 4o-spined echinostome whose host is Planarbis isingi. €, ¢letanduc
conld tot be made to eneyst i tadpoles, a sormal secondary infermediate Tiost,
of £ efligiy, and Hs eysts were consistently 30p lavger i1t diameter. The Yact
thiat we were wnable to mfeet Planorbis with Echinoparyphivm ellisi at the same
time that we infeeted Lynenaea, provides fuether ovidenee that the two cereariae
are distinet, In our ortginal geconnt {(Johuston and Angel, 1939) of €7, elelawdae
we stated in error that the oral spines were slightly Jareer dlmn those of
the aboral series whereas the figure (fig, 8) shows the true codition, te. thai
the abovul spiues ave the longer, €. ¢lelondae is the lavva of an unrecoonized
Eclianoparyphium.

Attempts to oblain the adult of E. ¢llisi experimentally by feeding evsts 1o
a pigeon and a young fowl were unsuccesstul.
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Fiz. 1. Echinoparyphium ellisi, seen from dorsal eurfaee, 2. llead region. 3. Cirrur
sae and metraterm, dorsal,
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ADULT STAGE.

The adult worm lives in the duodenum and upper part of the succeeding
portion of the small intestine of the black swan, Chenopis atrafa. Very young
forms suggestive of recently liberated metacercariac were colleeted along with
adults in October and April at Tailem Bend, South Australia. Preserved adults
vary in form, being short and broad or long and narrow, the former condition
probably being the more normal. The following measurements in millimetres
(unless otherwise indicated) were made on egg-bearing worms of the former
type.

Length 2-1-3-4, usually about 3 mm.; maximwum breadth at acetabulum
~4—-6, at collar -33—-39, breadth nearly uniform from level of acetabulum to
that of posterior testis; posterior end taperiug to become bluntly rounded ; body
minutely spiny dorsally and ventrally as far back as region of acetabulum;
preacetabular portion commonly with ventrally infolded margins and bent
ventrally so that both suckers tend to approximate., Collar with 45 sharp-pointed
spines, including four stouter spines in each ventral corner and arranged more
or less in two pairs; corner spines *063~+069mm. by 13+4u; remainder in two
rows; ventral (oral) spine next each corner group -052mm. by 9+6pu, succeeding
spines +053 mm. by 11-5x (aboral), <055 mm. by 13-4y (oral) and 052 mm.
by 9-6u, so that the marginal spines of the oral series tend to be rather larger
and wider than the aboral spines which alternate with them; dorsal spines of
oral series -048 mm, by 9-6-11-5y, those of aboral series larger, stouter, -053
mm. by 11-5ux.  Oral sucker spherical, -11--16 mm., or slightly longer than
broad. Acetabulum in second quarter or fifth of body length, -33--462 long
by +30--38 wide with rather deep concavity. Ratio of length of oral and ventral
suckers 1:2:5-3+5; ratio of width 1:2-3, Postacetabular region about three-
fifths body length. Prepharynx short, -06 mm. long; pharynx -088--11 long,
«(133-+06 broad; oesophagus long, +33-+65, narrow; crura long, narrow, slightly
sinuous, terminating some distance in front of end of body.

Testes in tandem, contiguous, elliptical with broad ends, in posterior halt
of body ; anterior *165—-+35 long, *13—-22 wide ; posterior *165--44 long, -13--22
wide; posterior 165-+44 long, <13—2 wide; both almost touching crurva; post-
testicular region about one fifth body length.  Cirrus sae relatively short,
rountded, 22 by -143--165, obliquely placed, with posterior portion overlying
front of acetabulum, with large twisted tubular inner seminal vesicle in
posterior half of sae, succeeded by narrow cirrus lying bent in anterior part of
sae. (enital pore almost median, just behind intestinal bifurcation; atrium
with rather thick muscular walls,
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Ovary near midlength of body, to one side ol midline, sphervical, -09--11;
oviduet curving backwards and inwards (o enter shell-gland complex where it
reecives narrow, very short, common yolle duct; uleruy soom widening and
thrown inte one or two loops behind ovary aund below shell gland, then passiug
forward beside vr below ovary before hecoming arvanged in a few cuily 1o
region between ovary aud acetabulum ; wictvaterm musewlar, passing above aceta-
bilum near midline or to one side of it, eventually travelling beside or below
frout part of cirrus sac o enter atviun,  Egags broadly elliptical. -0573--1 mn.
long, O6G— 075 wide, usually 12-30 (oceastonadly nearly 50) i utevus, Yolk
slands nol reaching level of acetabulum hut extending neavly to posterior ewd of
worm, 1.e. a short distanee heyand evura; follicles nmmervous, small, irregularvly
rounded, occupying zone dorsatly and ventrally from body marging inwards to
cover erura; vitelline fields joining in portion of pest-testicular vegion; frans-
verse yolk duet relatively wide, irregular, lying just 1 front of vr dorsally to
abiterior testis and above shell gland, Latter compaet, extending alinost $from
one ¢rus 1 the other and Lron anterior testis to ovary.

Tlie youngest stage obtained from the ducdenuw of the Lost was =47
long, *12 mwm, wide ut collar, <112 at acetabulum; oral sneker <05, avetabulum
075 diameter, sueker ratio 2:3; postevior end acetabuhiom at -3 wu from head
el of worm, postacetabular region <15 mm,, Le. nearly one-thivd body lengih
phivcynx <05 Jung, 02 wide.  Another very young worns was 66 long, <151
wide at eollar, <165 at acetabulom; orval sucker 062, acctabulun <11 damcter,
ratio hieavly 1: 25 postacetabulay vegion <26, thus morve than one-third hody
lerigth,  Audother specinten was <810 loug, <143 wide at collar, <154 al aceta-
buluni; oral sucker <039, acetubulwm 112, sucker ratio 1:2; postacetabular
regioir 32, about 2:9 of body length, A worm, 1:1 nan, long, was 264 wide
at acetabulum; oral sucker -077 long by <066 wide, acetabulom <154 diameter,
ratio of widths 9:7; preacetabular region 6, postacclabular aboul <50, Tu a
speeinien T-32 an. long the postacetabudar Tength was 66, just hall the fotal
lengih.  Auother worms, 1454 nuw, long, <838 wide at acetabulum, liad oral
suclker <088 long by <066, acetabulwn 22 digmeler, sucker rtio (width} 4= 10,
postacetabular length just half that ol body.,  In a specimen 1-87 long hy =385
wide the oral sucker was 088 aud acetabulum 275 long by <264, aud post-
acetabular region <964, ie, just over halt hody length.

o o worm 1448 long, a small cirrus sav was alveady differentiated, while
i one, 1259 long by +3 wide, testes, ovary, wferus and eivrris sac were vecogmiz-
able. A specimen 1¢8 long by 33 had comparatively Few volk glands, but
they were conspicuous and were wrranged in o single linear series along each
erus.  With inereasing length of pavasites, these glawds became wnieh mnore
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mimerons aud the vitelline fields more extensive. The smallest, and apparently
youngest, eeehearing worms were 2:0-2-2 mint. long and these contained ounly
two or three vges. One worm, 2-1 mm. long by -85 wide was not yet uvigerous,
but another of the saime length hut of greater breadth (-374) contained a few
coes, Sexuol maturity thus becomes established when the worms reach about
2 man, in length, Many ezgs were present in some specimnens 2-3 mm, lohg,

T ooyoung wortn 146w, long the eorner spites were +063--069 mw. long
by <011 the marginal +038—046 by T-Gu, those of the {wo scries being sub-
eqauil; and the aboral dorsal spies <057 mm. by Y+ Gp and the oval dorsals <0k=
042 . by 70 Tp.

Verma (1936, 15a) published o briel unfigured account of Beliinoparyphiuin
giciardul frion the gizzard ol the black swan, his speeintens heing obtained tfrom
the Caleutta School of Tropieal Medieine, where Dr. 0 A, Maplestene was a
member of the stalf,  his latier offieer colleeted parasitie material whilst he
was onn the stafit of the Australion Tropical Tustitnte, Townsville; hence it is
lilely thal the pavasites came orviginally from North Queensland,  As we have
occasionally fonnd iy the gizzavd of 1he black swan small cestodes which oceur
normally it the duodemnn it iy possible that trematodes from the latter situa-
tion may have wandeved fiito the sizzard after the deatls of the lost.

Phe reported dimenstons of the woprin ad of ils organs agree faivly well
with those given by us Lo £, ¢/lwiy bt the acetabulun was stated to lie in the
first fourth of the body leneth and there were only 22 collar spines, those at the
angles (corner spines) being 03 by ~015 won., wid others of two sizes <042 by
+01 amd 0252 Uy <09 i, The sinall munber of the spines iwvas specially soted,
Our Torm has 45 spines whose dimensions dre different from these of K. giz-
aurilhit,

Vorma ilso gave a very briel unfigured accomit of Eelinoparyphiwnt sp.
from the lutestine of the same bivd host. Under this genevie unme he recorded
some spevimens as haviog b spines, those of the end groups weasuring -067
by 0168 and 082 by 01, while the lateral and dovsal spines, 0588 by
+122 e, appeared to be avranged i couples; the ventral sucker was at one-
faneth to oneditth the body lepgthi; and eges <256 by »588 (obviously an etrror
for 0256 and ~0588) to <084 hy 0o, Another spectmen was stated to possess
only 33 spines,

Owre materinl agrees with Vevma’s Eeliinoparyphivoe sp. with 44 spines
(probubly an crror fov 45).  The nnmber of spines veported for K. gizzdrdai is
probably also an crror, since the genus has an tneven itamber.  As thiere s 50
mueh agreement between K. ellisi and E. gizzardal, except b regavd to ibe
munber and sizes of the spines, we consider it likely thal a re-examination of
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the Caleutta material would reveal synonyiny. However, nutil that should oceur
we prefer fo retain the specific nume given originally to the cercarial stage and
place Eclinopuryphiwi sp. Verma (1936, 1565-6) as a synonymy.,

Typical adults of K. cllisi have been deposited in the South Australian
Museum., We wish to acknowledge our indebtedness to the Commonwenlth Re-
searcl Grant to the University of Adelaide; and to Messrs, G. G., Fred, and
Bryce Jaensch of Tailem Bend, and Mv., L. KElls, alse of Tailem Bend, for
their generous assistance in regard to material.

SUMMARY,

Cercarid eliist Johnston and Simpson 18944 from Lywmneca lessond and Sim-
Limnen subuquatilis from the Lower Murray region 18 the lavval stuge of Eehino-
purypliun cllisi. The sceond intermediate hosts ave various species of fresh-
water mollusess and tadpoles can also act as sueh under experimental condi-
tions, Adult and growth stages from the upper intestine of ihe black swan,
Chenopis afrale, ave described, and the velation of K. cllisi to E. yizzardei
Verma is discussed.
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